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(57) ABSTRACT

An image pickup apparatus is provided with: an objective
optical system; an image pickup device; a contrast AF
section adjusting a focus so that a peak value of a contrast
evaluation value of an image is taken; an amount-of-motion
detecting section detecting, from a plurality of time-series
images, amounts of motion of the subject; and a control
section controlling the contrast AF section so as to calculate
another contrast evaluation value in a region where a region
to be excluded where an amount of motion is equal to or
larger than a threshold is excluded from a calculation target
region, and the contrast AF section corrects the other con-
trast evaluation value based on an area of the calculation
target region and an area of the region where the region to
be excluded is excluded from the calculation target region.

4 Claims, 3 Drawing Sheets
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1
IMAGE PICKUP APPARATUS AND METHOD
FOR OPERATING IMAGE PICKUP
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation application of PCT/
JP2014/074914 filed on Sep. 19, 2014 and claims benefit of
Japanese Application No. 2013-209386 filed in Japan on
Oct. 4, 2013, the entire contents of which are incorporated
herein by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image pickup appara-
tus which acquires a plurality of images while causing a
focus position to change and adjusts the focus position so
that a peak value of contrast evaluation values is taken, and
a method for operating the image pickup apparatus.

2. Description of the Related Art

As range finding systems for acquiring information about
a distance to a subject, an active system in which infrared
light or ultrasound is radiated to a subject to detect a distance
on a basis of a time period required until a reflected wave
returns or a radiation angle, and a passive system in which
an image acquired via an optical system is used to perform
range finding without using infrared light and the like are
known.

Among the systems, examples of the passive system
include phase difference AF (autofocus) used in a single-lens
reflex camera and the like and contrast AF widely used in a
video camera, a compact camera and the like. The phase
difference AF requires, for example, an AF sensor. There-
fore, in a small-sized image pickup apparatus such as an
endoscope, the contrast AF in which an image picked up by
an image pickup section can be used to perform AF is
relatively widely used.

The contrast AF is an AF system in which a plurality of
(generally, three or more) frame images are acquired while
a focus lens is driven and a focus position is being changed,
and a focus position where a maximum (peak) contrast
evaluation value among contrast evaluation values of the
acquired images (for example, high-frequency components
of the images) is obtained is set as a focal point. Various
techniques related to such contrast AF have been conven-
tionally proposed.

For example, Japanese Patent Application Laid-Open
Publication No. 2009-133903 describes a technique in
which detection of a peak position on a basis of contrast of
images is not performed when motion of an object is fast,
and, by successively performing movement to a predicted
focus position, motion of a focus lens is caused to follow the
motion of the object in a state that some level of focusing
accuracy is secured.

Further, Japanese Patent Application Laid-Open Publica-
tion No. 2012-108313 describes a technique in which a first
focusing processing section and a second focusing process-
ing section are provided, and, when it is judged that focusing
by the first focusing processing section has been performed,
processing is switched from the first focusing processing
section to the second focusing processing section. Here, the
first focusing processing section is, for example, contrast AF
focusing processing section. On the other hand, the second
focusing processing section is a focusing processing section
which performs AF based on average luminance of images,
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a focusing processing section which performs AF based on
frequency characteristics of luminance images, a focusing
processing section which performs AF based on motion
vectors detected from local regions of luminance images, or
the like.

Furthermore, Japanese Patent Application Laid-Open
Publication No. 2010-204585 describes a technique in
which detection of motion of an object image is also
performed when contrast AF is performed, and, though a
position is changed on a basis of a motion detection result
for a focus detection region, the position is changed on a
basis of a result of addition of motion detections for an AF
frame, and the AF frame is changed with a characteristic
different from a characteristic for the focus detection region
to suppress a feeling of flickering which occurs at time of
causing the AF frame to move.

SUMMARY OF THE INVENTION

An image pickup apparatus according to a certain aspect
of the present invention is provided with: an objective
optical system including a focus lens for causing a focus
position to change, the objective optical system forming an
optical image of a subject; an image pickup device picking
up the optical image and outputting an image; a contrast AF
section causing the image pickup device to acquire a plu-
rality of images while causing the focus position to change,
calculating a contrast evaluation value of each of the
acquired images, and adjusting the focus position so that a
peak value of the contrast evaluation value is taken; an
amount-of-motion detecting section detecting, from the plu-
rality of images acquired in a time series by the image
pickup device, an amount of motion of the subject in each
region in the images; a control section detecting a region to
be excluded where the amount of motion is equal to or larger
than a predetermined threshold, and controlling the contrast
AF section so as to calculate another contrast evaluation
value in a region where the region to be excluded is excluded
from a calculation target region of the contrast evaluation
value, wherein the contrast AF section corrects the other
contrast evaluation value, based on an area of the calculation
target region and an area of the region where the region to
be excluded is excluded from the calculation target region.

A method for operating an image pickup apparatus
according to a certain aspect of the present invention
includes steps of: an objective optical system comprising a
focus lens for causing a focus position to change forming an
optical image of a subject; an image pickup device picking
up the optical image and outputting an image; a contrast AF
section causing the image pickup device to acquire a plu-
rality of images while causing the focus position to change,
calculating a contrast evaluation value of each of the
acquired images, and adjusting the focus position so that a
peak value of the contrast evaluation value is taken; an
amount-of-motion detecting section detecting, from the plu-
rality of images acquired in a time series by the image
pickup device, an amount of motion of the subject in each
region in the images; a control section detecting a region to
be excluded where the amount of motion is equal to or larger
than a predetermined threshold, and controlling the contrast
AF section so as to calculate another contrast evaluation
value in a region where the region to be excluded is excluded
from a calculation target region of the contrast evaluation
value; and the contrast AF section correcting the other
contrast evaluation value, based on an area of the calculation
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target region and an area of the region where the region to
be excluded is excluded from the calculation target region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of an
image pickup apparatus in a first embodiment of the present
invention;

FIG. 2 is a diagram showing an example of an image
when there is a moving body in the above first embodiment;

FIG. 3 is a diagram showing that the moving body is
excluded from a contrast evaluation value calculation target
region in the above first embodiment; and

FIG. 4 is a flowchart showing a contrast AF process of the
image pickup apparatus in the above first embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment of the present invention will be described
below with reference to drawings.

First Embodiment

FIGS. 1 to 4 show a first embodiment of the present
invention, and FIG. 1 is a block diagram showing a con-
figuration of an image pickup apparatus.

The image pickup apparatus of the present embodiment is
applied to an electronic endoscope system, and the image
pickup apparatus is provided with an electronic endoscope 1
and a video processor 2.

The electronic endoscope 1 is provided with an objective
optical system 3 which forms an optical image of a subject
and an image pickup device 5 which picks up the optical
image formed by the objective optical system 3 and outputs
an image

Here, the objective optical system 3 includes a focus lens
4 for changing a focus position. Note that the objective
optical system 3 may be configured as a zoom optical system
which includes a zoom lens.

The image pickup device 5 acquires a plurality of images
in a time series on a basis of control of a contrast AF section
8 as described later.

Further, the video processor 2 is provided with a signal
processing section 6, an amount-of-motion detecting section
7, the contrast AF section 8 and a control section 9.

The signal processing section 6 performs image signal
processing, such as correlated double sampling (CDS), gain
adjustment, conversion from an analog signal to a digital
signal, synchronization processing (processing for perform-
ing interpolation to change a state that only one color
component among three color components constituting a
color image exists in one pixel to a state that all the three
color components exist in one pixel), white balance adjust-
ment, y correction processing and color space conversion
processing, for an image outputted from the image pickup
device 5. An image processed to be displayed, by the signal
processing section 6 is outputted to a monitor or the like, and
an image processed to be recorded is outputted to a record-
ing device or the like.

From the plurality of images acquired by the image
pickup device 5 in a time series (the images may be used as
images acquired by the contrast AF section 8 to calculate a
contrast evaluation value, which are to be described later),
the amount-of-motion detecting section 7 detects an amount
of motion of the subject in each region in the images. The
amount-of-motion detecting section 7 will be further
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described with reference to FIG. 2. Here, FIG. 2 is a diagram
showing an example of an image when there is a moving
body.

In the example shown in FIG. 2, it is assumed that a
moving body 12, such as a forceps and a treatment instru-
ment, exists in an image 11 of a target subject (a subject to
which a focus position is desired to be adjusted, for example,
an inside of a body cavity).

The amount-of-motion detecting section 7 first performs
matching processing for a first image and a second image
acquired in a time series (the first image and the second
image are assumed to have been acquired in this order) to
presumes a same body in the two images. Next, the amount-
of-motion detecting section 7 calculates a motion vector (an
amount and direction of movement) of the whole image
between the first image and the second image as a whole
motion vector thought to have been caused by influence of
movement of hands on a basis of a matching processing
result. Furthermore, the amount-of-motion detecting section
7 removes a whole motion vector component from the
second image, and presumes a body in the second image
after the removal which has moved from the first image to
be a moving body 12. Then, the amount-of-motion detecting
section 7 detects an amount and direction of movement of
the presumed moving body 12 as a motion vector of the
moving body 12.

The control section 9 judges whether or not the amount of
motion of the moving body 12 detected by the amount-of-
motion detecting section 7 (a magnitude of the motion
vector) is equal to or larger than a predetermined threshold.
Then, the control section 9 causes the contrast AF section 8
to exclude a region to be excluded, where the amount of
motion is equal to or larger than the predetermined thresh-
old, from a contrast evaluation value calculation target
region.

FIG. 3 is a diagram showing that a moving body is
excluded from the contrast evaluation value calculation
target region.

As for calculation of a contrast evaluation value by the
contrast AF section 8, for example, the image 11 is divided
into a plurality of regions 11a, and the contrast evaluation
value is calculated for each of the divided regions 1la.
Therefore, the control section 9 sets a region constituted by
a set of regions 11a in which the moving body 12 is included
(a region shown by hatching) as a region to be excluded 13.

Further, the control section 9 controls the contrast AF
section 8 to cause a plurality of images to be acquired in a
time series by the image pickup device 5 while causing a
position of the focus lens 4 to move.

The contrast AF section 8 calculates contrast evaluation
values of the plurality of images 11 acquired while causing
a focus position to change, and causes the position of the
focus lens 4 to move to adjust the focus position of the
objective optical system 3 so that a peak value of the
calculated contrast evaluation values is taken.

It is a region excluding the region to be excluded 13 that
is targeted by the contrast evaluation value calculation by the
contrast AF section 8, as described above.

That is, the contrast AF section 8 extracts a high-fre-
quency component image, for example, by performing high-
pass filtering for the image 11. Then, for all calculation
target regions 11a excluding the region to be excluded 13,
the contrast AF section 8 adds a high-frequency component
value of each of the regions 11a.

When an added value (a contrast addition value) calcu-
lated at this time is indicated by SumC, the contrast addition
value SumC is a smaller value in the case where the region
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to be excluded 13 exists in the calculation target region in
comparison with the case where the region to be excluded 13
does not exist, and it can be thought that there is a possibility
that accuracy of contrast AF is influenced depending on a
size of the region to be excluded 13.

Therefore, when an area of the whole calculation target
region in the image 11 is indicated by S0, and an area of the
calculation target region excluding the region to be excluded
13 is indicated by S1, the control section 9 calculates a
correction coeflicient R as shown below:

R=50/51

Then, the contrast AF section 8 calculates a contrast
evaluation value CEV as an evaluation value independent of
the size of the calculation target region, as shown below:

CEV =RxSumC

By, with use of the contrast evaluation value CEV calcu-
lated in this way, picking up images while causing the focus
position to change, performing scanning for searching for a
position with a peak contrast evaluation value CEV, and
driving the focus lens 4 to the found peak position, focusing
is performed.

Note that, at time of determining the contrast addition
value SumC, a method of performing weighting for each
calculation target region 11a to perform addition may be
used instead of simple addition. In this case, however, it goes
without saying that the areas SO and S1 which have been
weighted are also used to calculate the correction coefficient
R.

Further, though the contrast evaluation value CEV has
been calculated with the use of the correction coefficient R,
the correction coefficient R may not be calculated when the
calculation is not necessary or when the necessity of the
calculation is low. Here, as the case where the calculation of
the correction coefficient R is unnecessary, for example,
such a case is given that, even if the moving body 12 exists
in the image 11, a position of the existence is outside the
contrast evaluation value calculation target region (because
the calculation target region is not necessarily the whole
image 11 but may be a part (for example, a central part) in
the image 11). Further, as the case where the necessity of the
calculation of the correction coefficient R is low, for
example, such a case is given that a rate of the area of the
region to be excluded 13 in the calculation target region is
so small that influence given to the contrast evaluation value
CEV can be ignored.

Furthermore, as a method for calculating the evaluation
value independent of the size of the calculation target region,
a method using an average contrast addition value per unit
area as the contrast evaluation value may be adopted instead
of the method using the correction coefficient R described
above. Alternatively, if there is an image in which the
moving body 12 does not exist among past images acquired
in temporal proximity, a method of substituting a high-
frequency component of a region in the past image corre-
sponding to a region to be excluded 13 in a processing target
image (the corresponding region in the past image can be
presumed by the matching processing described above) as
the high-frequency component of the region to be excluded
13 may be adopted.

Next, FIG. 4 is a flowchart showing a contrast AF process
of the image pickup apparatus.

When the process is started, it is judged whether or not the
objective optical system 3 is a zoom optical system which
includes a zoom lens first (step S1).
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If it is judged that the objective optical system 3 is a zoom
optical system here, a zoom magnification is acquired (step
S2), and a threshold at time of detecting an amount of
motion is set on a basis of the acquired zoom magnification
(step S3).

Here, even if speed of the moving body 12 is uniform, the
amount of movement in an image is small if a zoom position
is in a wide region with a wide angle of view, and, on the
contrary, the amount of movement in the image is large if the
zoom position is in a tele region with a narrow angle of view.
Therefore, in order to accurately judge whether or not the
amount of motion of the moving body 12 is such an amount
of' motion that a region is to be set as a region to be excluded
13, a threshold according to a zoom magnification is set
here. Therefore, the threshold is generally set so as to be
large if the zoom magnification is high (if the zoom position
is on a tele side) and small if the zoom magnification is low
(if the zoom position is on a wide side).

When the process of step S3 ends or when it is judged at
step Si that the objective optical system 3 is not a zoom
optical system, the focus lens 4 is driven, and an image is
acquired by the image pickup device 5 (step S4). By being
repeatedly performed returning from the process in step S9
described later, step S4 performs scanning of acquiring a
plurality of images in a time series by the image pickup
device 5 while driving the focus lens 4.

Then, the amount of motion is detected by the amount-
of-motion detecting section 7 on a basis of the plurality of
images acquired in a time series (step S5).

The control section 9 judges whether or not the detected
amount of motion is equal to or larger than a predetermined
threshold (the threshold set at step S3 if the objective optical
system 3 is a zoom optical system) (step S6).

Here, if the amount of motion is equal to or larger than the
predetermined threshold, the control section 9 causes the
contrast AF section 8 to exclude a region to be excluded 13
where the amount of motion is equal to or larger than the
predetermined threshold, from a contrast evaluation value
calculation target region (step S7).

If the process of step S7 has been performed, the contrast
AF section 8 acquires a contrast evaluation value for the
calculation target region excluding the region to be excluded
13. On the contrary, if it is judged at step S6 that the amount
of motion is smaller than the predetermined threshold, the
contrast AF section 8 acquires a contrast evaluation value for
all the calculation target region (step S8).

Then, it is judged whether or not a focused state has been
obtained, that is, whether or not the focus position is at a
position with a peak contrast evaluation value (step S9). If
the focused state has not been obtained yet, the process
returns to step S4, and the focus lens 4 is driven to perform
the process as described above.

Thus, when it is judged at step S9 that the focused state
has been obtained, the contrast AF process is ended.

Note that, though an artifact such as a forceps and a
treatment instrument is assumed as the moving body 12 in
the above description, the moving body 12 is not limited
thereto. For example, a subject site which beats or pulses
may be also treated as the moving body 12.

Further, though an example in which an image pickup
apparatus is applied to an electronic endoscope system has
been described above, the present invention is not limited
thereto but can be widely applicable to an apparatus
equipped with an image pickup function.

According to the first embodiment as described above,
because a region to be excluded 13 where the amount of
motion is equal to or larger than a predetermined threshold
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is removed from a calculation target region of the contrast
evaluation value calculation by the contrast AF section 8, it
is possible to stably perform focus position adjustment to a
target subject without causing focus loss due to a moving
body 12 even if the moving body 12 comes into a field of
view.

At this time, if the contrast evaluation value is an evalu-
ation value independent of the size of the calculation target
region, it is possible to preferably suppress decrease in focus
position detection accuracy caused by existence of the
region to be excluded 13.

Especially, if a contrast evaluation value CEV is calcu-
lated with use of a correction coefficient R determined on a
basis of an area ratio between a calculation target region in
the case where a region to be excluded 13 exists and a
calculation target region in the case where the region to be
excluded 13 does not exist, it is possible to suppress the
decrease in the focus position detection accuracy only by
performing relatively easy operation with a little load.

Further, by using images acquired by the contrast AF
section 8 for calculating contrast evaluation values as
images used by the amount-of-motion detecting section 7 for
detection, it is possible to reduce the number of frames of
images to be picked up.

Note that, though description has been made mainly on an
image pickup apparatus above, a method for operating the
image pickup apparatus is also possible, and a processing
program for causing a computer to execute the method for
operating the image pickup apparatus, a non-temporary
computer-readable recording medium for recording the pro-
cessing program, and the like are also possible.

Further, the present invention is not limited to the above
embodiment immediately as it is, and components can be
modified and embodied within a range not departing from
spirit of the invention at a stage of practicing the invention.
Further, various aspects of the invention can be formed by
appropriately combining a plurality of components dis-
closed in the above embodiment. For example, some com-
ponents may be deleted from all the components shown in
the embodiment. Furthermore, components of different
embodiments may be appropriately combined. Thus, it is, of
course, possible to make various modifications and appli-
cations within the range not departing from the spirit of the
invention.

What is claimed is:

1. An image pickup apparatus comprising:

an objective optical system including a focus lens for
causing a focus position to change, the objective optical
system forming an optical image of a subject;

an image pickup device picking up the optical image and
outputting an image;

a contrast AF section causing the image pickup device to
acquire a plurality of images while causing the focus
position to change, calculating a contrast evaluation
value of each of the acquired images, and adjusting the
focus position so that a peak value of the contrast
evaluation value is taken;

an amount-of-motion detecting section detecting, from
the plurality of images acquired in a time series by the
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image pickup device, an amount of motion of the
subject in each region in the images; and

a control section detecting a region to be excluded where
the amount of motion is equal to or larger than a
predetermined threshold, and controlling the contrast
AF section so as to calculate another contrast evalua-
tion value in a region where the region to be excluded
is excluded from a calculation target region of the
contrast evaluation value,

wherein the contrast AF section corrects the other contrast
evaluation value, based on an area of the calculation
target region and an area of the region where the region
to be excluded is excluded from the calculation target
region.

2. The image pickup apparatus according to claim 1,

wherein

the control section calculates a correction coefficient,
which is a result of dividing an area of all the calcu-
lation target region by an area of the calculation target
region after excluding the region to be excluded; and

the contrast AF section calculates the contrast evaluation
value independent of the size of a calculation target
region by calculating a contrast addition value for the
calculation target region after excluding the region to
be excluded and multiplying the contrast addition value
by the correction coefficient.

3. The image pickup apparatus according to claim 1,
wherein the images used by the amount-of-motion detecting
section for detection are the images acquired for calculating
the contrast evaluation value.

4. A method for operating an image pickup apparatus, the
method comprising steps of:

an objective optical system comprising a focus lens for
causing a focus position to change forming an optical
image of a subject;

an image pickup device picking up the optical image and
outputting an image;

a contrast AF section causing the image pickup device to
acquire a plurality of images while causing the focus
position to change, calculating a contrast evaluation
value of each of the acquired images, and adjusting the
focus position so that a peak value of the contrast
evaluation value is taken;

an amount-of-motion detecting section detecting, from
the plurality of images acquired in a time series by the
image pickup device, an amount of motion of the
subject in each region in the images;

a control section detecting a region to be excluded where
the amount of motion is equal to or larger than a
predetermined threshold, and controlling the contrast
AF section so as to calculate another contrast evalua-
tion value in a region where the region to be excluded
is excluded from a calculation target region of the
contrast evaluation value; and

the contrast AF section correcting the other contrast
evaluation value, based on an area of the calculation
target region and an area of the region where the region
to be excluded is excluded from the calculation target
region.



